INTRODUCTION {#s1}
============

Intrahepatic cholangiocarcinoma (ICC) arises from malignant transformation of epithelial tissue in the small bile ducts, and is the second most common primary cancer of the liver. The prognosis of ICC is very poor, with the median survival for patients who do not undergo surgery being 6 months, and the 5-year survival rate for patients following complete resection being only 20%--40% \[[@R1]--[@R4]\]. In the last decades, the incidence and mortality of ICC has been progressively increasing, while being relatively stable or even slightly decreased for extrahepatic cholangiocarcinoma \[[@R2], [@R3], [@R5]\]. The poor prognosis of patients with ICC largely results from the high frequency of recurrence and metastasis after surgical resection, in addition to resistance to systemic chemotherapy \[[@R6]\]. Limited therapeutic options and poor prognosis have triggered a search for molecular markers informative of clinical outcome, which might constitute viable therapeutic targets.

STAT3 is a latent cytoplasmic transcription factor that serves the dual functions of a signal transducer and activator of transcription \[[@R7], [@R8]\]. STAT3 can be activated by EGFR or IL-6. Once activated by phosphorylation, STAT3 dimerize and translocate to the nucleus, where it activates transcription and in turn modulates cell proliferation, apoptosis and differentiation \[[@R7]--[@R9]\]. STAT3 promotes both inflammation and cancer. Constitutive activation of STAT3 has been detected in a variety of primary human epithelial tumors including squamous cell carcinomas (SCCs) of the head and neck, breast, ovary, prostate and lung \[[@R10]--[@R13]\]. However, the STAT3 expression level and the significance of which in the prognosis of ICC patients that undergo curative hepatectomy have not been reported. Using a proteomics approach, we identified elevated STAT3 expression in ICC tumor tissues compared with para-tumor specimens. Therefore, it is meaningful to investigate the clinical significance and biological function of STAT3 in the development of ICC.

In addition to investigating the expression pattern of STAT3 and determining its contribution to ICC progression and its clinical prognostic value, we also assessed the functional roles of STAT3 in ICC development and its therapeutic potential. Our results indicate that the expression of STAT3 is significantly correlated with several clinical characteristics and is able to predict the outcome of ICC patients after surgical resection. This cytoplasmic transcription factor may also serve as a therapeutic target for the treatment of ICC.

RESULTS {#s2}
=======

STAT3 is overexpressed in ICC tumor specimens {#s2_1}
---------------------------------------------

A real-time RT-PCR assay was performed to analyze STAT3 transcripts in frozen paired samples derived from Cohort A patients with ICC and adjacent liver tissues, with 82% (50 of 61) of tumor tissues having higher expression than the adjacent liver tissues (Figure [1A](#F1){ref-type="fig"}). The upregulation of STAT3 was confirmed by western blot and immunohistochemical assays (Figure [1B--1C](#F1){ref-type="fig"}). These results suggested that STAT3 was highly expressed in ICC.

![(**A**) The STAT3 mRNA levels in tumor and adjacent liver tissues were detected by real-time PCR. \**P* \< 0.05, compared with tumor group. (**B**) The STAT3 protein levels in tumor and adjacent liver tissues were detected by Western Blot. Representative image is illustrated. (**C**) The TMA assay was performed to detect of the STAT3 expression. The STAT3 was stained with an anti-STAT3 antibody, and the samples were grouped into high and low expression group according to the STAT3 intensity (magnification, ×100).](oncotarget-08-7710-g001){#F1}

Association of the STAT3 expression with prognosis {#s2_2}
--------------------------------------------------

Kaplan-Meier curves comparing the survival of ICC patients with high and low STAT3 expression in two cohorts (*n* = 61 for cohort A, *n* = 98 for cohort B) are shown in Figure [2](#F2){ref-type="fig"} and [Figure S1](#SD1){ref-type="supplementary-material"}. STAT3 expression correlated negatively with overall survival (OS) and disease-free survival (DFS) of ICC patients (Figure [2A-- 2B](#F2){ref-type="fig"}, [Figure S1A--S1D](#SD1){ref-type="supplementary-material"}). When pooling all the patients from both cohorts together (*n* = 159), univariate analysis revealed that the hepatitis C virus (HCV) infection, tumor size, pathological satellite, lymph node metastasis, TNM stage and STAT3 levels were predictors of OS. Furthermore, the alpha fetoprotein (AFP), tumor size, pathological satellite, microvascular invasion, TNM stage and STAT3 levels were statistically correlated with DFS (Table [1](#T1){ref-type="table"}). These significative parameters were further subjected to multivariate Cox proportional-hazards model, which demonstrated that the tumor size, TNM stage and STAT3 expression level were correlated strongly with OS and DFS (Figure [2C](#F2){ref-type="fig"}). Multivariate survival analysis indicated that STAT3 expression was an independent prognostic factor for OS and DFS (Figure [2C](#F2){ref-type="fig"}).

![STAT3 expression is an independent prognostic factor for ICC\
(**A**) Kaplan-Meier analysis was conducted to determine the relationship between overall survival (OS) of patients (Cohort A + B, *n* = 159) with intratumoural STAT3 levels. Subgroups were plotted according to the scores for the STAT3 levels. (**B**) Kaplan-Meier analysis was conducted to determine the relationship between disease-free survival (DFS) of patients with intratumoural STAT3 levels. (**C**) Multivariate analysis of hazard ratios for overall survival and tumor recurrence.](oncotarget-08-7710-g002){#F2}

###### Univariate analysis of clinical variables associated with recurrence and survival

  Variables                 No    OS             DFS                     
  ------------------------- ----- -------------- ------ ---------------- ------
  Age:                                                                   
   ≤ 50 years               75    39.39 ± 2.75   0.18   31.57 ± 3.08     0.32
   \> 50 years              84    35.25 ± 2.56          27.86 ± 2.92     
  Sex:                                                                   
   Female                   32    40.41 ± 4.47   0.42   37.744 ± 5.006   0.13
   Male                     127   36.59 ± 2.06          27.973 ± 2.314   
  Total bilirubin:                                                       
   ≤ 17.1μmol/ L            126   36.81 ± 2.10   0.62   28.76 ± 2.37     0.45
   \> 17.1μmol/L            33    38.69 ± 4.20          33.09 ± 4.73     
  ALB:                                                                   
   ≤ 40g/ L                 67    35.64 ± 3.09   0.60   33.56 ± 3.43     0.17
   \> 40g/L                 92    38.38 ± 2.34          26.88 ± 2.66     
  ALT:                                                                   
   ≤ 40U/ L                 111   37.04 ± 2.24   0.99   27.93 ± 2.48     0.27
   \> 40U/L                 48    37.43 ± 3.46          32.83 ± 3.90     
  AST:                                                                   
   ≤ 40U/ L                 116   35.86 ± 2.17   0.19   27.55 ± 2.41     0.16
   \> 40U/L                 43    40.90 ± 3.68          35.60 ± 4.25     
  AFP:                                                                   
   \< 20 μg/L               121   38.41 ± 2.18   0.16   31.88 ± 2.42     0.03
   ≥ 20 μg/L                38    33.37 ± 3.59          21.68 ± 4.20     
  CA19-9:                                                                
   ≤ 37 U/ml                63    37.63 ± 3.03   0.68   30.40 ± 3.39     0.50
   \> 37 U/ml               96    36.83 ± 2.39          28.56 ± 2.73     
  CEA                                                                    
   ≤ 5 ng/ml                53    36.25 ± 3.37   0.83   28.77 ± 3.64     0.78
   \> 5 ng/ml               106   37.47 ± 2.27          29.80 ± 2.64     
  HBeAg:                                                                 
   Negative                 126   37.39 ± 2.17   0.56   30.56 ± 2.41     0.38
   Positive                 33    35.94 ± 3.61          24.31 ± 3.93     
  HBsAg:                                                                 
   Negative                 73    36.39 ± 2.81   0.64   30.92 ± 3.14     0.47
   Positive                 86    37.85 ± 2.53          28.45 ± 2.88     
  HCV:                                                                   
   Negative                 130   39.01 ± 2.00   0.04   30.02 ± 2.30     0.39
   Positive                 29    28.96 ± 4.81          28.35 ± 5.54     
  Diameter:                                                              
   ≤ 5 cm                   78    42.92 ± 2.45   0.01   34.68 ± 2.94     0.01
   \> 5 cm                  81    31.53 ± 2.68          24.38 ± 2.96     
  Tumor Number:                                                          
   Single                   131   37.83 ± 2.08   0.44   30.85 ± 2.37     0.13
   Multiple                 28    35.06 ± 4.32          24.57 ± 4.63     
  Pathological satellite:                                                
   No                       104   40.68 ± 2.27   0.01   33.21 ± 2.61     0.01
   Yes                      55    30.93 ± 3.16          22.33 ± 3.40     
  Encapsulation:                                                         
   No                       24    40.05 ± 4.90   0.40   35.10 ± 5.55     0.17
   Complete                 135   36.67 ± 2.03          28.48 ± 2.28     
  Microvascular invasion:                                                
   No                       99    39.01 ± 2.34   0.20   33.95 ± 2.66     0.01
   Yes                      60    33.95 ± 3.12          22.45 ± 3.32     
  Cirrhosis:                                                             
   No                       51    31.86 ± 3.40   0.06   28.23 ± 3.82     0.59
   Yes                      108   39.79 ± 2.21          30.21 ± 2.55     
  Differentiation:                                                       
   I--II                    123   37.37 ± 2.15   0.75   30.78 ± 2.43     0.26
   III--IV                  36    36.76 ± 3.85          25.88 ± 4.32     
  Lymph node metastasis:                                                 
   No                       118   40.22 ± 2.19   0.01   31.76 ± 2.52     0.05
   Yes                      41    29.41 ± 3.32          23.42 ± 3.72     
  TNM stage:                                                             
   I--II                    106   44.67 ± 2.12   0.00   38.09 ± 2.53     0.00
   III--IV                  53    22.18 ± 2.64          11.31 ± 2.10     
  STAT3 expression:                                                      
   Low                      83    48.45 ± 2.21   0.00   42.35 ± 2.67     0.00
   High                     76    24.26 ± 2.28          15.29 ± 2.40     

Association of STAT3 expression with clinicopathological features {#s2_3}
-----------------------------------------------------------------

We next examined the relationship between the STAT3 expression in tumor tissues and various clinicopathological characteristics of 159 ICC patients using TMA analysis (Table [2](#T2){ref-type="table"}). The expression of STAT3 was significantly correlated with the tumor size, pathological satellite, vascular invasion, undifferentiated-type histology, lymph node metastasis and TNM stage. In the current study, in order to further confirm the relationship between the expression of STAT3 and lymph node metastasis, we examined STAT3 expression in 15 ICC primary tumor and lymph node metastasis tissues (Figure [3A](#F3){ref-type="fig"}). The expression of STAT3 was higher in metastasis lymph node lesions than ICC primary tumor tissues in most cases (9/15), which suggested that high expression of STAT3 correlated with a greater likelihood of lymph node metastasis.

###### Relation between STAT3 expression level and the clinicopathologic characteristics of ICC patients

  Variable                          STAT3 expression                  
  --------------------------------- ------------------ -------------- ----------
  Age (years)\*                     50 (29--77)        52 (32--70)    0.30^\#^
  Sex, M:F                          67:16              60:16          0.78
  Total bilirubin (umol/L)\*        13 (6--438)        13(7--38)      0.18
  ALB (g/L)\*                       43 (27--52)        43(29--52)     0.89
  ALT (u/L)\*                       28(6--132)         34(5--129)     0.81
  AST (u/L)\*                       30(12--113)        33.5(9--111)   0.31
  AFP (μg/L), \< 20:≥ 20            68:15              53:23          0.07
  CA19-9, ≤ 37:\> 37 U/ml           36:47              27:49          0.31
  CEA, ≤ 5:\> 5 ng/ml               29:54              24:52          0.65
  HBeAg, positive: negative         15:68              18:58          0.38
  HBsAg, positive: negative         46:37              40:36          0.72
  HCV, positive: negative           15:68              13:63          0.87
  Diameter (cm), ≤ 3: 3--5: \> 5    25:25:33           12:20:44       0.04
  Tumor number, single: multiple    70:13              61:15          0.50
  Pathological satellite, yes: no   23:60              33:43          0.04
  Encapsulation, complete: no       14:69              10:66          0.92
  Vascular invasion, yes: no        25:58              35:41          0.04
  Cirrhosis, yes: no                58:25              50:26          0.58
  Differentiation, I:II:III:IV      17:56:8:2          7:43:19:7      0.01
  Lymph node metastasis, yes: no    12:71              29:47          0.00
  TNM stage, I--II: III--IV         64:19              42:34          0.00

Median (range). ^\#^Mann-Whitney test.

Note: *P* \< 0.05 by Chi-square test or Student *t* test

![The relationship between the expression of STAT3 and lymph node metastasis\
(**A**) The expression levels of STAT3 in ICC and relevant lymph nodes were detected by Immunohistochemical test (*n* = 15). Representative image is illustrated. (**B**) The STAT3 expressions were detected by real-time PCR 2 days after over expression or inhibition of it in RBE and HUCCT1 cells, respectively. \*\**P* \< 0.01, \*\*\**P* \< 0.001, compared with negative control group.](oncotarget-08-7710-g003){#F3}

STAT3 expression promotes the migration of ICC cells {#s2_4}
----------------------------------------------------

To further explore the relationship between STAT3 expression and the metastasis capacity of ICC, we constructed STAT3 overexpression plasmids. The ICC cell lines RBE and HUCCT1 were transfected with such plasmids *in vitro* (Figure [3B](#F3){ref-type="fig"}), and were then used for scratch test and transwell experiments. Figure [4A--4C](#F4){ref-type="fig"} shows that the overexpression of STAT3 resulted in increased cell invasion and migration of ICC cells compared with control, demonstrating that STAT3 overexpression promotes ICC metastasis. Meanwhile, when we inhibit STAT3 expression with siRNA, the metastasis capacity of ICC cells was blocked (Figure [4](#F4){ref-type="fig"}).

![The overexpression of STAT3 enhances the metastatic potential of ICC cells\
(**A**--**B**) The RBE and HUCCT1 cells were plated into the upper chambers of polycarbonate transwell filter chambers coated with or without matrigel and incubated for 24 and 16 h, respectively. Representative images are illustrated. (magnification, ×200). \**P* \< 0.05, compared with negative control group. (**C**) The wound-healing process of RBE and HUCCT1 cells were estimated by an inverted light microscope after an incubation of 30 h and 60 h.](oncotarget-08-7710-g004){#F4}

STAT3 expression promotes the proliferation of ICC cells and activates the STAT3 phosphorylation {#s2_5}
------------------------------------------------------------------------------------------------

When compared with negative controls, RBE cells overexpressing STAT3 showed increased proliferation ability *in vitro* and *in vivo*, as estimated by CCK8 and subcutaneous tumor-burdened assays, respectively (Figure [5A--5B](#F5){ref-type="fig"}). To further study the underlying mechanism by which STAT3 overexpression promotes proliferation and metastasis of ICC cells, we measured STAT3 phosphorylation. The results shown in Figure [5C](#F5){ref-type="fig"} and Figure [1B](#F1){ref-type="fig"} suggest that STAT3 overexpression accelerated the progression of ICC by activating STAT3 phosphorylation.

![The overexpression of STAT3 enhances the proliferation potential of ICC cells\
(**A**) Proliferation of STAT3 overexpressed RBE cells was evaluated by a CCK8 assay in indicated time points. \**P* \< 0.05, compared with negative control group. (**B**) The volumes of the subcutaneous tumors developed from RBE cells were significantly increased by STAT3 overexpression. *N* = 3 for each group. \*\**P* \< 0.01, compared with negative control group. (**C**) The phosphorylation of STAT3 was detected 72 h after STAT3 overexpression in RBE and HUCCT1 cells, respectively.](oncotarget-08-7710-g005){#F5}

DISCUSSION {#s3}
==========

STAT3 levels have been reported to correlate with prognosis for many types of cancers, such as acute myeloid leukemia \[[@R17]\], breast cancer \[[@R18]\], and anaplastic astrocytomas \[[@R19]\], among others. Herein, we demonstrated that STAT3 expression was upregulated at both the mRNA and protein levels in ICC samples. We also investigated the association of STAT3 expression with clinicopathological features in two independent cohorts of ICC patients. We found that high STAT3 expression correlated with multi malignant clinicopathological characteristics, including gross tumor size, pathological satellite, vascular invasion, undifferentiated-type histology, lymph node metastasis and TNM stage. On the other hand, Kaplan-Meier analysis showed that ICC patients with lower STAT3 expression had a better outcome. Furthermore, multivariate analysis revealed STAT3 expression to be an independent prognostic indicator of survival after surgical resection. Therefore, our results suggest that STAT3 expression should be used as a prognostic biomarker for disease outcome in ICC.

Lymph node metastasis has been reported as a prognostic factor of poor prognosis in ICC \[[@R12], [@R14], [@R15], [@R17], [@R20]--[@R24]\]. In our previous study \[[@R24]\], multivariate analysis showed that lymph node metastasis correlated with both the OS and DFS of ICC patients. The median survival time of ICC patients without lymph node metastasis was longer than that of those with lymph metastasis (23 months *vs* 8 months). The presence of lymph node metastasis correlated with other poor prognosis factors, such as gross type of tumor, poorly or undifferentiated tumor, vascular invasion, and perineural invasion. In the current study, we found that the expression of STAT3 was higher in lymph node lesions than that in ICC primary tumor tissues in most cases, which suggested that high STAT3 expression correlated with a greater likelihood of lymph node metastasis. *In vitro*, the overexpression of STAT3 increased cell invasion and migration of ICC cells compared with controls. Thus, high STAT3 expression was an indication of more lymph node metastasis and increased tumor burden *in vivo* and *in vitro*.

STAT3 acts as a latent transcription factor that primarily mediates signaling from cytokine and growth factor receptors \[[@R7], [@R8], [@R17]--[@R19]\], which results in the phosphorylation of STAT3 and triggers a transcriptional response favoring survival, proliferation and angiogenesis. Accordingly, aberrant and persistent STAT3 phosphorylation is frequently observed in human epithelial origin cancers and is often associated with poor outcome. Our results suggested that high STAT3 expression in ICC patients may facilitate tumor progression and worsen surgical outcomes by promoting its own phosphorylation.

Given the lack of effective adjuvant treatments for ICC, radical surgery is still commonly performed. However, prognosis remains dismal for ICC patients owning to the high recurrence rate after radical resection. In the present study, we found that high expression of STAT3 correlated with tumor progression and poor prognosis in ICC, suggesting that STAT3 expression promotes proliferation and metastasis in ICC. We propose that STAT3 markers could be used in the clinic to classify ICC patients. Furthermore, inhibition of STAT3 expression may offer a novel promising target for the treatment of ICC.

MATERIALS AND METHODS {#s4}
=====================

Patients {#s4_1}
--------

Two independent cohorts of ICC patients undergoing curative surgical resection were enrolled in this study. Cohort A, with 61 adult patients, was recruited from January 1, 2006 to December 30, 2008 by the Department of Comprehensive Treatment at the Eastern Hepatobiliary Surgery Hospital of the Second Military Medical University. The follow-up period for all patients continued through January 2010. Cohort B, with 98 adult patients, was recruited from January 1, 2009 to December 30, 2012 by the Department of Laparoscope at the Eastern Hepatobiliary Surgery Hospital of the Second Military Medical University. The follow-up period for all patients extended through January 2014. Permission from the Second Military Medical University\'s Institutional Review Board was obtained prior to data review. Written informed consents were obtained from all the patients for surgical treatment and pathological examinations according to the institutional guidelines. The histological grade of the tumor was defined according to the Edmondson grading system. Tumor staging was performed according to the 7th edition of the tumor-node-metastasis (TNM) classification of the International Union Against Cancer \[[@R14]\].

The specific materials included in this study were selected to include patients who underwent curative surgery without chemotherapy or radiotherapy at a time when these adjunctive therapies were not the standard of treatment. Paraffin embedded tumor tissues were available for the patients included in this study. The follow-up period was defined as the interval from the date of surgery to the date of death or the last follow-up. Patients who died from other causes were treated as censored cases. Overall survival (OS) was defined as the interval between the dates of surgery and death. Disease-free survival (DFS) was defined as the interval between the dates of surgery and recurrence; if recurrence was not diagnosed, patients were censored at the date of death or the last follow-up.

Tissue microarray and immunohistochemistry analysis {#s4_2}
---------------------------------------------------

The 5 μm-thick tissue sections of surgically resected intrahepatic cholangiocarcinoma were deparaffinized in xylene and hydrated with graded ethanol and distilled water. Immunohistochemical staining was performed employing the Dako Cytomation Envision-System-HRP (DAB) (Dako Cytomation, Carpinteria, CA) as described previously \[[@R15]\]. The following steps were performed at room temperature unless otherwise specified. Briefly, after inhibition of endogenous peroxidase activity with blocking solution containing 0.03% H~2~O~2~ supplied by the kit for 5 minutes, the sections were incubated in blocking buffer (5% normal goat serum in phosphate- buffered saline containing 0.05% Tween-20) for 30 minutes, and incubated over-night with mouse monoclonal STAT3 antibody (sc-8019) diluted 1:200 with blocking buffer at 4°C overnight. For negative control, the primary antibody was replaced with normal mouse immunoglobulin. Finally, the visualisation signal was developed with diaminobenzidine, and the slides were counterstained with haematoxylin. Stained sections were evaluated in a blinded manner without prior knowledge of the clinical information using the score system as described previously \[[@R16]\]: 0, negative staining (0--10% positive); +, weak signal (10--20% positive); ++, intermediate signal (20--50% positive); +++, strong signal (\> 50% positive). Cases with discrepancies in the scores were discussed together with other pathologists until a consensus was reached.

Overexpression and inhibition of STAT3 {#s4_3}
--------------------------------------

The full-length STAT3 plasmid (pcDNA3.1-STAT3) was constructed by inserting a PCR-amplified full-length STAT3 fragment into the NheI/HIND3 sites of pcDNATM3.1 vector (Invitrogen), using the primers, forward, 5′- CTAGCTAGCATGGCCCAATGG AATCAGCTACAGC-3′ and reverse, 5′- CCCAAGCTT CATGGGGGAGGTAGCGCACTCCGAG-3′. ICC cells were transiently transfected using PEI (Poly plus) according to the manufacturers' instructions.

The siRNA for STAT3 was purchased from Biomics biotechnologies Co. (Shanghai, China). The sense sequence is: GGGACCUGGUGUGAA UUAU dTdT. The siRNA transfection was performed with INTERFERin reagents (Poly plus) according to the manufacturers' instructions. Briefly, for each well (6 well, for example), dilute 11 μl (20 μM storage concentration) siRNA duplexes into 200 μl of medium without serum. Mix by pipetting up and down. Then, add 12 μl of INTERFERin into the 200 μl of siRNA duplexes, homogenize by vortex immediately for 10 seconds. Incubate for 10 minutes at room temperature to allow transfection complexes to form between siRNA duplexes and INTERFERin. Then, add 200 μl of transfection mix into the 2 ml cell culture medium to complete a final concentration of 100 nM siRNA. Finally, homogenize by gently swirling the plate.

Cell culture, invasion and metastasis assays {#s4_4}
--------------------------------------------

RBE, HUCCT1 cell lines were purchased from Cell Bank of Type Culture Collection of Chinese Academy of Sciences. Cells were routinely maintained at 37°C in an atmosphere containing 5% CO2 in RPMI 1640 Medium, supplemented with 10% fetal bovine serum (FBS, Gibco). Cell migration and invasion assays were performed using the transwell filter champers (Costar, Corning) and BioCoat Matrigel invasion chambers (BD Biosciences) according to the manufacturers' instructions. Briefly, ICC cells (1 × 10^5^ cells for Transwell assays and 2 × 10^5^ cells for Matrigel assays) were resuspended in serum-free medium, and added into the top chamber. Medium with 10% FBS was added to the lower chamber. Following 16 h (Transwell assays) or 24 h (Matrigel assays) of incubation, cells on the lower surface of the membrane were stained, photographed, and counted using a microscope for each group. For the wound-healing migration assays, monolayers of cells were plated in 12-well plates. They were wounded by scraping with a 200 μL plastic pipette tip and then rinsed several times with medium to remove any floating cells. The wound-healing process was examined by an inverted light microscope (Olympus, Tokyo, Japan) after an incubation of 30 h and 60 h.

Statistical analysis {#s4_5}
--------------------

Pearson\'s χ2 test or Fisher\'s exact test was used to analyze the relationship between STAT3 expression and the clinicopathologic features. Survival curves were calculated using the Kaplan-Meier method and compared using the log-rank test. The Cox proportional-hazard regression model was used for analysis to explore the effect of the clinicopathological variables and STAT3 expression on survival. Statistical significance was considered at *p* \< 0.05. Statistical analyses were performed using SPSS Version 18.0 for Windows (SPSS, Inc., Chicago, IL, USA).

SUPPLEMENTARY MATERIALS FIGURE {#s5}
==============================

We are grateful to Du Jing, Tan Wei-Feng, and Zhang Bai-He for their assistance in the preparation of this manuscript.

**CONFLICTS OF INTEREST**

No conflicts of interest to declare.

**FUNDING**

This research was supported by grants from the National Natural Science Foundation of China (81372674, 81672777 and 81300306) and the Natural Science Foundation of Shanghai (20124Y154, 20154Y0054 and 20164Y0109).

**Authors' contributions**

Yang XW and Shen F performed the majority of the study and collected all the clinicopathologic data; Yang XW wrote the manuscript. Li L, Yan XZ, Xu QG, Chen L and Hou GJ provided analytical tools and were involved in editing the manuscript; Zhang BH, and Yang XW designed the study.
